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3. The mean angular diameter of the five largest galaxies in a group (if the group is not too small and scattered) is a fair criterion of distance when the diameters are measured on Bruce plates of long exposure. When current values are accepted for the integrated photographic absolute magnitudes of galaxies,4 the mean linear diameter of the five largest galaxies in a group may be provisionally taken as 4.2 kiloparsecs.
4. On the basis of the angular-diameter method, the distances have been revised and new values derived for the mean density of matter in space in these twenty-five groups. The revision materially decreases the dispersion in density, but it confirms the earlier result that in the large groups the space density averages about 5 X 10-70 glx/cc, which corresponds probably to a total space density considerably higher than 10-28 g/cc.
Communicated October 21, 1933 Three races of so-called rex rabbits (in German, Kurzhaarkaninchen) have been produced in recent years. The hair of such animals is abnormally short, soft and plush-like, and their whiskers (vibrissae) are bent or curly. The guard hairs are scarcely, if at all, longer than the other hairs and are often erroneously described as lacking.
Rex rabbits are now being extensively bred by rabbit fanciers. Hope has been entertained by many that the pelts of such animals would be valuable to the furrier, but a decision on this point must piobably await the time when such pelts will be available in quantity and carefully graded.
Meantime these new mutations of the rabbit afford material of unusual interest to students of rabbit genetics. For convenience, the three races will be designated rex No. 1, rex produces rabbits entirely normal in appearance, both mutations being completely recessive. When these F, normal animals are mated with each other, they produce mixed litters of normal and short-haired individuals, the latter being distinguishable from normals at birth by their curly whiskers.
A total of 391 F2 young has thus far been recorded, of which 195 were normal and 196 short-haired. If the two genes were independent, located in. different chromosomes, we should expect a 9:3:3:1 Mendelian ratio to be approximated in F2, the last three classes all being short-haired.
The ratio of normals to short-haired would then be 9:7, a decided excess of normals. This does not occur. Instead, the two classes are approximately equal.
If, on the other hand, the two rex genes are completely linked, borne in the same chromosome at identical or closely adjacent loci, then we should expect them to behave like allelomorphs, and to give a 1:2:1 ratio in F2; and of the three classes the first and last would be short, the middle class being normal. In other words, there should be equal numbers of normal and short-haired, as actually observed. It If, however, we test the observed numbers for agreement with a 1: 1 ratio, expected if close linkage exists between r1 and r3, we find the deviation to be 17.4 and the P. E. 5.58, a very poor fit. In all likelihood, there-fore, the ratio is 9: 7 rather than 1 :1, and ri and r3 are indepther than linked.
The cross between rexWad ex3 has produced an F2 population of 166 individuals, of which 104 are normal and 62 short-haired, a considerable excess of the former. On a 9:7 basis the expected numbers would be 93.4:72.6, and the excess of normals would be 10 less than observed, th-P. E. being 4.3. This is only fair agreement, but the deviation from expectation is in the opposite direction from what would be expected if there were linkage between r2 and r3, for in that case normals and shorts should be approximately equal. From this expectation the observed numbers deviate by 21 individuals, the P. E. being 4.3. Accordingly, in both crosses agreement is better with a 9:7 than with a 1:1 ratio of normal to short-haired, the former ratio indicating complete independence, the latter linkage. Since r7 and r2 are linked with each other (lie in the same chromosome), it follows that if one of them is free from r7 (lies in a different chromosome), then the other must be free also. Accordingly, it is legitimate, for statistical purposes, to combine the two F2 populations obtained by crossing ri and r2 with r3. If this is done, we have a total of 444 individuals, of which 263 are normal and 181 shorthaired. The expectation on a 9:7 basis is 249.7:194.3 , from which the observed numbers deviate by 13.3, which is less than twice the probable error (7.0) and so not significant, since it may well be a consequence of random sampling. It should be noted, also, that the deviation is not in the direction to indicate linkage (toward equality of normal and short) but in an opposite direction toward inequality of the two classes, which is expected if no linkage occurs.
Further evidence that r1 and r2 assort freely with reference to r3 (though not with reference to each other) is found in a few tests which have been made of the constitution of F2 short-haired animals derived from the crosses ri X r7 and r2 X r3. From the former cross, one individual has been found to be rjr1R3r3 and another Rlrlr3r3. Each of these must have arisen from the union of a crossover (new combination) with a non-crossover (original combination) of an r7 with an r3 allelomorph.
From the r2 X r3 cross, three F2 short-haired individuals have been fully tested. One is of the constitution r2r2R3r3, another is R2r2r3r3 and a third is r2r2r737. Into the production of the first two there entered, in each case, one new combination and one original combination gamete. Into the production of the third, only new combination gametes entered.
It appears, accordingly, that new combination gametes are fully as frequent in occurrence as original combination gametes. We have evidence that in the production of these five tested F2 individuals 6 of the former sort and 4 of the latter sort were concerned. If there were linkage between r3 and the other rex genes, we should expect new combinations to be less frequent in occurrence than original combinations, but they are not.
The somatic character of the individual homozygous for two rex genes, r2 and r3, is of interest. Each of these genes, by itself, is able to produce the same short-haired type. Together they produce apparently no greater effect than each would produce by itself. .
Summary.-Three races of short-haired (rex) rabbits have originated, each by a recessive mutation in a different gene. The genes responsible for two of these rex mutations (r7 and r2) are borne in the same chromosome, since they are linked with about 10 or 12 per cent of crossing-over between them. The gene for the third rex mutation (ra) lies in a different chromosome, since it recombines freely with both ri and r2. Before the rediscovery of Mendel's law, Francis Galton had recognized two sharply distinct classes of inherited characters, those which are alternative and those which blend. He found examples of these in human eye color and human stature, respectively. When the parents differ in eye color, the children are like one or the other parent, the inheritance being characterized as alternative; but when the parents differ in stature, the children are of intermediate stature, a blending effect.
With the rediscovery of Mendel's law, it was recognized that an adequate explanation had been found for the inheritance of alternative characters, which were then commonly called unit-characters. But this terminology later fell into disrepute because it was found that literalminded individuals conceived of the character itself as being inherited in the gametes rather than a single something which was necessary for the production of the character. So the term gene was introduced to designate the indispensable something in the germ cell necessary for the development of the character in the individual.
By a brilliant series of discoveries, Morgan and his pupils proved that the genes are located in the chromosomes of the germ cells where they
